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TYFE_OF_FILE NAME: SAI MISSION ANALYSIS FILE
FILE _ATTRIBUTES: Variable length unformatted sequential file
RECORD_TYPE_NAMES: Header records scan line record

RECORL_LENGTH:
A. HEADER_RECORD: 464 bytes
B, SCAN_LINE_RECORD: variable. to a maximum Of 1a00 bytes

TYPE_OF FILE _DESCRIPTION:

Arn BAI mission analysis file {MAF) contains the pixels of one
image from one photometer. An image is made up of all consecutive
scans of the photometer without changes in mirror stepping direction.
For the next image the stepping mirror advances in the opposite
direction. The MAF is organized with & header record which describes
the file. the spacecraft position during the image. and the number,

N: of scan lines in the file. This is followed by N individual scan
line records. sach containing the mirror position and the pixel data
collected during that scan.

Most MAFs have been reduced to a thirty~five degree region
centered on the nadir direction {center pf Earth) rather than including
&1l pirels within the nominal 128 or 368 degree scan line. The number
of pixels deleted at the ztart of the scan arnd the number of pixels
included are given in each scan line record,

FILE_STRUCTURE: unformatted sequential file with segnented records of
variable length

DATA_TYPES:

All numbers stored in single byte fields have integer values @
to 255. Numbers stored in longer fields are represented as two's
complenent integers.

FORMAT_OF _THE_HEADER RECORTH

BYTEH FIELD NAME LEC TYPE LESCRIFTION
1-2 RECORD LENGTH (WORDS) Taz total header record

length in units of

16«kit words

3 FILE TYFE. BLOCKING FACTOR Tz 482586 + 1

S-f RECORD LENGTH {RYTES-3) I=2 header record length in
tnits of bytes less 4

7-8 ZEROG L2 rdndtited

F-12 FILE TYPE Ing 4

13~1&  YEAR MOD 1@ I#4 v U7 of last TM minor frams

1728 DAY OF YEAR Isg # mod 14 before

21-24 MILLIBECONDS OF DAy I#g4 / start of image

£5-28 PHOTOMETER 1D EE ) i=f Z=H 3 =C

29-32 FILTER WHEEL VOLTAGE I+4 uniits of &,082W

unconverted position
count may be used to

S | S -



33-36
744

41-34
5538
4952

3354

S7-6I3

&£1-64
£F-68
&7 2
73~-74&
77-0d
81-84
8588
89-92

F3~95

H7-158
HL-116

117-123
121-124
125-128
129-132
133-136
137-140
141144
145-148
149132
153-154
157-166
161164
1651648
169172
173-176
177180
iB1-184
185-188

189192

193-196

FILTER WHEEL CODE Ing

FILTER WHEEL TEMPERATURE Ixg
FIRSYT MIRROR LOCATION COUNTER
LABT MIRROR LOCATION COUNTER
NUMBER OF SCAN LINE RECORDS

NUMBER OF FPIXELS IN IMASE Ixg

MAXIMUM FIXELS IN SCANM

MINIMUM COMPRESSED COUMNT

&4 COMPRESSED COUNT
SHA COMPRESSED COUNT
4% COMPRESSED COUNT

MAXIMUM COMPRESSELD COUNT

GREY SUALE MIN (6% COUNT)

GREY BCALE MAX (94% COUNT)
FPHOTOMETER DIGITAL HOUSEKEEFING

HOUSEKEEPING. RELAY STATUS

DaTh CONTROL UMIT (DCU)
MINOR-MODE-COMMAND BYTEE
ANALOG SUBCOM

ORBIT NUMBER

X(SCFOG: GEI

Y{(5CPOB GEI

Z{SCPOB} GEI

X{8FIN) BGEI

YiBPIN) BEI

Z{SFIN) GEI

XINORMAL TO OREIT) GEX
¥ (NORMAL TO ORBIT: GETX
Z{NORMAL TO ORRIT) GEIX

Ul IMAGE PRODUCTION DATE 14
X{VEL) GEI
Y {VEL} GEI
Z(VEL) GEI
X {85UN) GEI
Y {SUN) GEI
Z (SUND} GEX

5/C SFIN RATE

MILLISECONDS OF DAY FOR O/A

AVERAGE SPIN PERIOD: NADIR

identify filter properties
as in Table { below

four ASCII characterss

see Table 1 below

canversion given below

in Table &

I#4 \ mirror ranges given
=g / below in Table 3
ivg numbsr of records following

the header record

total number of pickels

14
I %4
I%4
Ie4

I%4/

T#4
I%4
I%4

I%3

I#4

in this imags
i%4 maximum number of pixkels
contained in any scan
line in this image
b piral count statistics
N for color scalingd &%
3 to B4 levals are
/ racommendad for
color scale range
recommended grey scale
range
first 32 bits.
sepe Table 4 below
firnal 24 bits of
photomater digital
housekeeping plus
B bits 4o relay status?
ses Table 4 below

zea Table I below
Ing one valus psr byfte ss
shown in Table & below

I*4 grbit number

I®g N
I#g
Iw«g /
Ia4
Iwg
1«4
144
Ixg
Is8 /

} GEI coordinates in meters
for spacecratt position

¥ BEI angular momentum
vectors unit vector #% 1.E

normal to orbit
unit vector #* 1.E&

}OBEY vettor
glanes

YOOD L BECLN . secondsi{binary)

144
1%3
1%4 /
T4 Y,
1%4

} BEl mpatecraft wvelocity
vectors millimeters/sec.

} GEI vector toward suns
i*q4 7 unit vector % 1.E&
144 S/C spin rate with
respect to nadir.
in microradians/sec,
inot always present)
T#4 UT as meec. of day for
orbit/attitude data
agbove {i+ start UT is
nea- end of day. O/R
UT m=ay be on next day)
i%4 ~ three samples of



197 -2
2812014
2052084

27372
I73-38¢
381-388
389 -394

371394
*R5-3%6

297 -4i34

AVERAGE SFIN FERIOD, MINIMUM
AVERAGE SFIN PERICD, MAXIMUM
SCAN LINE NADIR CORRECTION FLAG

SFARE

RESERVED

ASCII FILE NAME
IMGYND VERBION: LEVEL
SPARE

BCAN LINE OFFSET I*

SPARE

FORMAT _OF_THE_SCAN_L INE_RECORD!:

BYTE# FIELD NaME

i-2 RECORD LENGTH (WORDS)

34 RECORD LENGTH (BYTES-Z)

o-8 MILLISECONDE OF DAY

g DIGITAL MIRROR LOCATION COUMTER

1@ ANALGE MIRROR LOCATION

i1 ANALOG FILTER WHEEL POSITION

| S/C CLOCK SUBCOM COUNTER BY Tk
13~-14 DCU COUNT (FULL 16 BITS) IwZ
15-16 PIXEL OFFSET TO START OF SCAN
17-18 BODY MOUNTED HORIZON SENSOR

{(BMHS) NADIR CORRECTION I*2

1928 SUN SENSOR NADIR CORRECTION
L1-22  MANUAL NALIIR CORRECTION
Z3-24  ORDER OF NADIN CORRECTIONS

B

BYTE
BYTE

Ixg
I%4 /
Ixg

average spin period in

meec. during image tim
LB = 1 if corrections
have beern done. @ if not

reserved
BYTE original sagquence name
I#2 product itn saftwars
varsion numberssbtd + jevel
BYTE
pivel offget to start
of sean linest a negative
oftisat indicateg a
reconstructed advancad-
nadir-refoerence image
BYTE

DEC TYPE DESCRIFTION

.

In2 total scan line record
length in units of
ig-bit words
I#2 scan line record length
in units of bytes less 2
Ixg UT at last minor
frame B3 mod 1é
BYTE ws8e table 3 for MLL rangs
BYTE units of @.082Vy
Ffor conversion to
digital ML.C, see table 7
BYTE units of @#.@aV

unconverted position

count may be used to

idantify filter properties

as in Table 1 below
subcom count at half-

second start minor frame

{(B,8y186y 0.0 1132, 1248}
elapsed time on 8192 H:z

cliock from nadir pulse

te mext half-second synco

IwZ wifset from nadir pulse

to start of scan line

in pixels? a negative

pf+set indicates a

reconstructed advanced-—

nadir-rafarence image

units of Bths of pixelsy

ixzg sum of the three fields

Ie2 7 gives total correction
~ B14n mOVes sCan up
fearlier). + sign moves
scan down {later)

1«2 last four correttion
wethods. HBCLs most
recent shifted into

T



least significant
positiont 1=BMHG,

2=8un, 3I=Manualy i+
pivel offset is negative.
ses Note 2 below

25 FIXEL 1 IMAGE DATA BYTEN units of compressed
Z2b FIXEL 2 IMAGE DATA BYTE countss for count
. . . k8 decompression and
» . . 7 conversion to
- . . 7 luminosity. see
ned4  PIXEL n IMAGE DATA BEYTE/ Mote I below

Note 1. FPixel decompression and conversion to luminosity

The compressed telemetry count is + = 1dy + » where x and Yy are
the decimal equivalents of the four low-order and four high-order bits.
respectively. The true number of counts per image pixel is R. where

/on Y=g

R = \ -1
AR S50 §-3 4 w i@

I+ v ¥ 127 the protective circuit has been activated and the data are
te be ignored.

True counts can be converted to line-gf-sight intensities in
kilorayleighs by dividing by the sensitivities given in the Table
below [see Frank et al.. Bpace Science Instrumentation. vol. 5.

FP. 369-395 {1981)13,

The conversion {factors provided here are based upon pre-launch
laboratory calibrations. No corrections are made here for iong term
changes in sensitivity at VUV wavelengths. which are known to have
ococurred in flight [see Fairden et al.. Journal of Geophysical
Research, vol., 91, pp. 13,613-13,4638 (1984331, Initial work in the
first two years after launch has revealed no obvious degradations
at visible wavelengths. No additicnal work has been done on inflight
calibrations.

Note 2. Additional scan line adjustment for reconstructed advanced-
nadir-reference images

For reconstructed images from advanced-nadir-reference operations.
the order—-of-pixel-corrections field i{scan line record bytes 23-24)
is replaced by a correction to be applied to the first 75 pixels in that
scan line. This offset iz in units of 1/100ths of pixels, The standard
pinel corrections should be applied as usual to the entire scan line.
then the first 7% pixels should be adjusted by this correction. As with
the standard correction. a positive correction indicates the pivels are
o be moved down in the display. and a negative correction indicates they
should be moved up. The size of this correction will be half of a pinel
Gr less, (See IMAGE_DISFLAY_ALGORITHM below for more information on
Fixel alignment.)

IMAGE_DISPLAY _ALGORI THM}

The header record specifies the number of scar line records in
bytes 49-52 and s maximum number of pixels per scan line in bytes S7-6d,

e

1



The maximum number of pickels pilus 24 is the maximum Size of a scan line.
The actual number of pixels in a scan line is spacified by the numbet+
given in bytes 3-4 of the scan line record minus 22. Each pixel requires
one byte. The header record is usually retained while reading each scan
line consecutively into anothar array.

Successive pixkels within a scan line are convantionally displaved
from top to bottom on the display scresn. The mirror location counter
(MLC} gives the scan line's relative position left to tighty as shown
in Table 3.

Three adjustments described below may be applied fto pasition pixels
correctly in the scan direction. The first (#1) must be applied to all
scan lines. The second (82} is needed $or certain lines in images with
@arly production dates. The third (437 is only appropriate for reconstructed
advanced-nadir—referasnce images. This special typs of image file can be
idantified by the presence of a negative scan line offset in bytes 3I95-396
of the header record. The three adj ustments are as follows:

#1l. The sum of the nadir correction fields, bytes 17-18, 19-24,

and 21-22, should be applied to each scan line. Added togethear.,
these three fields give a correction in eighths of pixkels for
irregularities in S/C nadir determination. @ negat ive total
correction indicates the scan line should be shifted up on the
screen by that amount, and a positive value indicates a shift down.

#2. An additional correction should be made for an garly processing

problem if the UI image production software version and level

number, as it appears in header record bytes 3B89-39%, is less
than 195. I+ the DCU count (scan line record hytes 13~14}
taken mod 32 is ¥, then the scan line should be shiftad up one
pixel. as in the following algorithm:
IF { (version#+64+level: LT.195 .AND. MOD(DOU.32).ER.8 )

shift scan line up one pixel.
#3. If the scan linge offsaet in headsr record bByvtes IT5~-3%4 is

nagative. an additional adjustment may be applied tg the first
73 pixels in the scan line. The size of this adjustment will be
at most half a pixel. and therefore may not be signiticant for
all applications. The corrsction is found in scan line record
bytes 23-24 and ig in units of 1/10Pths of a pikel. The sign
canvention is the same as for #1 above: a positive correction
means the pixels should be shifted down by that amount., a negative
correction means an upward shift, assuming the scan is oriented
from top to bottom. This adjustment is to be applied only to
the first half of the scan line, not to the sacond hal¥f.

The pixel histogram values given in header record bytes &1-88 may be
helpful for establishing the color table sattings. Opsration of the
photometer electronic guardian (which protects the sensor in tha prasence
of excessive light levels) is indicated by satting the most significant bit
of the B-bit pixel word. In this case, picel valuss are greater than 127
and are usually shown as saturated or blacked out. Pixel values of 239
indicate fill data.

The L[SS5C1 directory on this volume includes saurce code fop image

display software. All the necessary corrections and adj ustments for
scan line alignment are included in that software source code.

TABLES:




Tabkle i. Filter codes. positions. and sensitivities

FHOTOMETER &

filter filter analog filter wheel sensitivity in
number code position range {(counts) counts/{kilorayleigh—-pixnel?
—d}
i 3IbEL 1eg-168 2.3080
e
2 I17Z 118-126 S, 7anig
3 A3 1356-144 @.88
4 SETW 158162 2.48
5 391N 172188 3.431
& SF4R 19¢-—-198 1.9&
7 624K 208-216 .98
8 H33W 226234 @.78
4 SSTM 2848-246 1.38
18 3PN 4658 2.33
11 63BN 6371 B.bb
12 SB7N 81-89 1.468

PHOTOMETER H

filter filter analog filter wheel sensitivity in
numhet code position range {counts’ counts/ikilorayleigh~-pixel)
-4
1 &290 61-69 Be2niy
2 H3ON 81-89 1.3%
3 SO7N 1gi-1ia 2.44
4 371N 171131 4.4%9
b H3EN 142-151% 1.19
-4
a ) 31772 163372 4,510
7 487M 184-192 7 o 48
8 5540 2P3-212 3. 85
g 557w 2E3-23E 4,83
19 320N 1-30 H.84
1t 430 21— 2. 68
12 SETW 41-4% 4,68

FHOTOMETER C

filter filter analog filter wheel sensitivity in
numbe- coue position range (Counts) counte/{kilorayleigh-pinell
3 136K 2438 1.65
2 123W 189-117 3.688
3 1200 128~134 3.18
4 14610 147155 1.27
o 1340 166—174 2.95
& 125N 185194 i1.71
7 1230 pa-212 .08
8 117N 223-231 #.84
9 1 461N 241244 1.26
i@ 125N S&-43 i.88
i3 117N u3-s1 .71
12 1174 7284 18,5

Table Z. Temperature conversion table {notel temperature messurements

,,,,, —



were not obtained after day 173 of 1984 due to a malfunction

in the spacecraft data system:

TH dag O THM# deg O T dag £ THM# tag C Trg
{B~b 156 24 a1 7778 2 153~134 - 3 223-224
7 144 35 w1 Kt =15 22 135-157 - & 229
8 138 3& 49 8182 21 138168 -~ 7 226
4 94 37 48 f23-84 20 161163 - @ 227
16 3 39 47 a5-87 1 l68-166 - 9 Z28~229
11 89 39 44 ga-9¢ 18 167-16% 14 258-231
2 B& -4 4% FL-P2 17 17@-172 -11 232
13 83 42 44 FI-F3 i& 173-174 12 233-234
14 B 43 43 578 13 1785177 —-1i3 235
i3 78 44 42 Ik Rt 14 i7e-1g8 -1i4 236
16 7& 45 41 1H{-1@2 13 iB1-183 -~15 237
17 74 4647 43 183—-125 12 ig4—-185 -—1& 238
ig 72 48453 37 1#6-138 it 186-188 -17 235
i9 7 S 38 109111 1 ige-17¢ -18 244
e &8 wi-SZ2 37 182113 F 191-193 19 241
21 bé 53 38 114-1146 # 194195  -2¢ 247
22 b3 o35 Lt 117119 7 194~-198 2% 243
23 &3 36 34 12@-122 & 1992 —22 244
24 &2 9738 33 123125 3 21283 -2 243
25 &1 3968 32 126—-128 4 2E4-2B5  -24 24&
26 =7 Gl-b62 31 129-131 3 ERH-ZHT 25 247
27 burtic &3~ 64 38 132134 e 08-209 24 248
28 =57 EE~bé& 29 135137 1 Li@-2yy 27 249
2% S& &7-68 28 13814 I 212-213 -2B 253
i 895 &7 27 1431~143 ~1 214-2153 -2 251
31 S4 Fi-72 2& 144-145 -2 2186-217 -3 232
32 a3 73-74 25 147149 -3 218-21% =31 253
33 52 7S-Th 24 1HE-1582 -4 228221 -F2 254

222 -33 35 -85
Table 3. Mirror location counter (MLC! ranges.
assuming vertical orientation of scan lines
leftmost centar rightmost
MLC M_C MLC
photometer A 141 RE 21
photomater B 133 73 13
photometer O 28 P 145

Table 4,

When the spacecraft is aligned with its rotation axis normal

to the orbit plana,

(1} the center gcan ling is coplanar with

deg

LT

the orbit plane, and (2} the angular momentum vector is directed
to the left. opposite to the direction of the orbital angular

momentum vector.

Bit extraction and bit testing functions such as the VAX FORTRAN

Photometer digital housekesping and relay status

intrinsic functions IBITS and BTEST are usefyl for decading the



kit +ields.

First 32 bits (MSB=bit 31}

st — e rren . -

bBit Jii Filter wheel moved since last sample, 1 = moved.

bit 33 +Filter whesl at the position switch. # = at position switch.

bit 291 mirror stepping enable. 1 = snabled.

bit 28! origin search in progress. | = in progress.

Bit 27% mirror limit switch activated gince last sample, ! = activated,

bit 261 bit no.27 indication, upper(CW) o lowar {CCW:. 1 = upper limit (Cli.

bit 231 FM tube gain level. # = low gain.

bit 24 mirror search for restricted range. 1 = in progress.
bit 237 lower limit switch, backup. 1 = activated.

bit 221 lower limit switch, primary. 1 = activated.

bBit 21 upper limit switch, backup: 1 = activatead.

bit 28 upper limit switch, primary. 1 = activated.

bit 190 nadiv bypass status. # = normal, 1 = bypassed.

Bit 1B Ffilter heater elementy 1 = power applied.

hits i7-16: gpare -~ reroces.

bits 15-B: B-bit mirror pogition code, high limit if in restricted range.
bits 7-@! B-bit mirror pasition code. low limit if in restricted range.

Becond 32 bits (MSB=hit 31}

S .kt R il Y Sk PR T T iy b st

bit 31! move mirror position one step on & to 1 trangsition only.
bit 3B move mirror to origin on @ to 1 transition only.

bit 29! move direction o bits 1-2, up(CW! or down(CCW), 1 = down (CCW).
bit 28% mirror range, full or restricted. 1 = restricted.

bit 27! alternate filter cycles., 1 = no.

bit 2&; Ffiltsr wheel direction., up(CW} or down(COW:, 1 = down(CCW}.

bit 25 filter wheel to pogition switch on ¥ to 1 trangifion only.

bits 24-227 3-bit filter wheel code (sze Note 3Ji.

bits 21-19! 3I-bit photo~transistor sensitivity code. @¢@f=most sensitive.

bit 18: photo-transistor no. 2 on/off, 1 off.,

bit 17! photo-transistor no. 1 on/off. 1 off,

bit 1&! guardian on/off, 1 = off,

bits 15-8! B8-bit photometer identification, photometar A MHHBEHISE
photometer B @@#@iiiil
photometer LI 11110900,

BN

bit 71 gpare.
bit & collimator cover heater conngctor no. 1 on/off, 1 = on.
it 5@ PM protection enablad, @ = anabled.

bit 4! collimator-cover switch no. 1 onfoff,
hit 3! collimator-cover switch no. 2 casoffs
bit 2% collimator~cover heater connector no.

bits 1-@: spare.

1.
= Oft.
on/off: 1

hi bk pa

il

OfMa

Mote 31 @3 = S deg.
BET = I3 deg,.
B = & deg.
#11 = 9@ deg.
188 = 121 deg.
131 = 153 deg.
il = 188 deg.
111 = alternats mode selsction (3@ deg.?

Table 3. DCU minor mode command (MSB=hit Ii3



nternal nadir generator.
Note 4. at nadir pulse the
sector A E e sECtor
code the photometer selected is is
@i, 11 £ E (" 1
@1 E & £ 3
ie " A K 2
Table &. Fhotometer analog housekeeping subcom {not available after day
175 of 1984 due to & malfunction in the spacecraft datae system)
The VAX FORTHAN intrinsic function IRITE is recommended for
tecoding the bit fields.
First 32 bits (MBE=bit 31}
kits 31i-24! thermistor no. S temperature.
bits 23-1&: thermistor no. & temperature. {For temperature CONVErsion.

The YAX FORTRAN intrinsic functions IBITE and BTEST are
recommended for decoding the bit fields.

hits 31—16: 1é&-bit internal nadir generator codes (INGEY.
generated spin period is (INGO+1)#3. /16384,
hits 1511 spare.
bite 10-9: Z-bit sector code. nadir pulse © {see Note 43.
kit 8: spare.
bits 7-6: 2Z-bit sector code. nadir pulse B (zee hNote 4).
kit 5@ spare.
bitg 4-3: Z-hit sector code. nadir pulse A (see Note 4).
kit Z! spare.
bits 1-@: Z-bit nadir pulse socurce code:
B, 11 = nornal nadir pulses
18 = advanced nadir pulses-
@1 = i

bite 15-B: thermistor no. 7 temperature. see takle 2.}
bits 7-8: thermistor no. 8 temperature.

Second 3Z bits {(MGE=bhit 31)

bite 31-24: +5Y to logic {(6.667/20&4.%countd.

bits 23-14: +5Y o PM tube. ist relay (6.647/28&6.%count).
bits 15-Bf —18V {(-15./254.%count).

bits 7-@: thermistor no. 9 temperature.

Third 32 bits {(MBE=bit 31)

bits 31-24: regulated bus current (580, /208, %count).

bits Z3-1&: +5Y to PM tube. Znd relay i6.667/256.%countl.
bite 15-8: +i@V (15, /256.%count).

bits 7-@: +200V blocking supply {(247./256.%count).

Fourth 32 bits (MSE=bit 31)

bits 31-2Z4: +8V to logic (6.667/206.%count).
bite 23-16! thermistor no. & temperature.
bits 15-B! +3V line current (124, /206.%count).

—p e

bits 7-@: pulse losd bus peak current (1998, /256, +count).




Table 7. Conversion of analog mirror position count to approximate
digitxl mirror location counter {(MLC)

tcount ~44, @gg) », 76% + 14,8
{count—-47,28&)%, 72 + 7.8

Photometer A: MLC
Photometer B MLC
Photometer C: ML.C

LI I

These equations are based on pre-lasunch testing. Comparisons
with post-launch data show errors as large as six counts.
However, these data were provided in the telemetry only for a
coarse backup to the digital counters. They have never been
used to accurately determine mirror positions.

COSDYINMagdZOaNS STRPZBEMARK 1 11
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TYFE_OF _FILE_NAME: PRIMARY DATA FILE LIST
FILE_ATTRIBUTES: Formatted ASCII file
RECORL_LENGTH: 28 bytes

TYPE_OF _FILE_DESCRIPTION:

The file list file contains a complete list of primary data file
names in  chronological order for this  volume. The directory is not
included with the file name but can be readily dedoced from it {please
see DIRECTORY_NAMING_CONVENTION and FILE_NAMING_CONVENTION in WOLDESC. BFLY.
The original sis-character production sequence name is intluded for each
file. A string locating utility such as the VaX VNS SEARCH command 1S
recommended for locating a particilar sequence nams.

FORMAT _OF _THE_RECORD:

bytes 1-21: primary data file name
byte 221 TAB
bytes 23-28: product ion sequence namne

COSDYDNMBBBZEENSSDIIRE7TEMARK L 135




CCBOXZLM@aE L SMARK 261 CCSIXVNMEGHZ SMARK £1617

LOG_VOL_IDENT: USANASANSSIIEAS 08610
LOG_VOL_INITIATION_DATE: 1991-86-0%5
LOG_VOL_CLOSING DATE: 1991 ~gib-1

LOG_VOL_CAPACITY: 1 GE/LOG_VOL
LOG_VOL_FILE_STRUCTURE: FILES-11

VOLUME _DIAMETER: 12 INCHES
VOLUME_DRIVE_MFGR_AND_MODEL: OFTIMEM 1080
COMPUTER_MFGR: DIGITAL EQUIPHMENT CORFOMATION
OPERATING_SYSTEM: VMBS 5.3~1

COMPUTER_BYSTEM: MicroVAax 11~GFX

TRANSFER_SOFTWARE: SOAR V4.1

TECHNICAL _CONTACT: M. RAE IVORSKY
BEFARTHMENT OF PHYBICS AND ASTROMOMY
UNIVERSITY OF IOWA
VAN ALLEN HALL
TOwA CITY. 1A SB2z42

319/335~1937
SFAN: IOWASBP: { INORBKY
Internet: DvorskydlowaSP.Physics.Ulowa.Edu

GREGE 7. PARMENTIER

DEFPARTMENT OF PHYSILCS AND ASTRONOMY
UNIVERSITY OF IOWA

VAN ALLEN HALL

IGWa CITY. 1A 3224z

S19/335~1952
BFAN: IOWASF: : PARMENTIER
Internet: FarmentierdIowaSF.FPhysics,Ulows.Edu
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A. DESCRIFTION_OF _SFACECRAFT:

Dynamics Explorer 1 (DE 1) is one of two spacecratft
launched for the [ynamics Explorer program on 3 August 1981, The
two spacecraft were launched into coplanar polar orbite at different
gltitudes for the purpose of studying interactive processes within
the atmosphere-icnosphere-magnetosphere system. [ynamics Explorer 2
re-entered the atmosphere on 19 February 1983, Re-entry time of DE |
cannot yet be determined.

Instruments on board DE 1 in addition to the spin-scan
auroral imager are! energetic ion composition spectrometer. high
altitude plasma instrument. magnetometer. plasma wave instrument.
and retarding ion mass spectrometer.

E. OREBIT_INFORMATIONS

Initial orbital parameters of DE | were an inclination
of 89.7 degrees. orbital period of 410 minutes. right ascension
of the ascending node at 141 degrees. radial distance at perigee
of &F58 km (1.89 RE), and radial distance at apogee of 29650 km
{4.65 RE). The initial latitude of apogee at 78.7 degrees North
Frovided excellent viewing of the northern auvroral oval during
the winter of 1981-8%, and the precession rate of #.328 degrees
per day allowed similar viewing of the southern polar region in
1983. Apogee returns to the northern polar region every three
years (e.49.. the autumns of 1984, 1987, etc.)

C. PERFORMANCE:

Initizl spatecraft duty cycle was abput F8%4. With spacecraft
age and decreasing priority in the NABA tracking system. the duty
tycle decreased slowly after the first year of cperation. By
1989 the duty cycle varied from 16~55%. Data acquisition in
individual orbits is designed to maximize the science return.

The 1984 failure of circuitry in the spacecraft data system has
prevented the monitoring of instrument voltages. curients. and
temperatures. but has had no effect on the acquisition of images.

INVESTIGATION_OBIECTIVES:

The general okjective of the Dynamics Explorer program is to
investigate magnetosphere-ionosphere-atmosphere couwpling processes.
Specific objectives fall into five categories! {1} electric field
induced convections (2) magnetosphere-ionosphere eslectric currentss
{3) direct energy couplingd (4) mass coupling! and {5) wave. particle.
and plasma interactions.

Several of the broad scientific ohiectives of global auwroral
imaging are (1) to establish and clarify the association of diverse
auroral and magnetospheric plasmas. (2) to determine the relstionship
between vacuum—ultraviolet and visible aurorsl emissions. (3) to
determine the evolution of the auvroral oval during magnetic substorms
by taking advantage of the temporal resolutions of the imaging
rhotometers and the extended viewing times with the high-altitude
orbit. and (8) to develop global models for field-wligned currents.
ionospheric convection. and charged-particle precipitation during
&ll conditions of magnetic activity. Indeed such imaging will
provide a natural coordinate system: and a monitor of magnetospheric
- and ionospheric activity. to reference in situ point measurements
with both spacecraft.



INSTRUMENY _ATTRIBUTES!:

A. DESCRIPTION_QF _INSTRUMENT!?

The spin—-scan auroral imagers {3A1) comprise three rhotometers
which provide images of Earth at various wavelengthse via interference
filters mounted on a wheel and selected by ground command. Two of the
Fhotometers provide visible wavelength images. snd the third provides
images at vacuum—ultraviolet wavelengths.

The three photometers are mounted on the spacecraft such that
their fields of view are separated by asbout 129 degrees in a Pilane
oriented perpendicular to the spin axis. Each photometer in operation
toliects one scan line during each spactecraft rotation. with an internal
mirror stepping once per rotation te start a new scan line.

The visible photometers are designed to suppress light
scattering from the sunlit atmosphere by a sufficientily large factor
to image the relatively weak emissions from the vikible awora in the
dark hemisphere of Earth.

E. OPERATIONAL MODE:
An auroral image is a nadir-centered two-dinensional pixel

array provided by the spacecraft rotation and the rhotometer's
stepping mirror which advances the field of view 8.25 degrees once
per rotation in a direction perpendicular to the plane of rotation.
A change in mirror-stepping direction signals the start of & new image.
One. two. or three photometers may be in operation at cne time. The
images from @ll cperating photometers are telemetered simulitaneously
with image repetition rates that typically vary from about 3 to 12
minutes,

C. MEASUREL _FPARAMETERS:

Aurcoral images are obtained at 391,484, GE57.7 ang &36.0 nm.
Several backgrournd filters are also provided. The third imaging
photometer is equipped with filters asnd a Fhotocathode for
observations at vacuum—ultraviolet wavelengths. in particular
emissions of the Lyman-Birge-Hopfield band of molecular ritrogen
at about 14¢ to 178 nm. Imaging at these wavelengths aillows
coverage of the auroral oval in both the dark antd sunlit ionospheres.
The filter array for the vacuum-uitraviclet imaging photometer also
includes filters for atomic hydrogen Lyman alpha at 121.4 nm and
oiygen lines at 13€.4 and 135.6 nm.

Filters included in this dataset for ohservations of the
aurors and geotorona are the shown in the following tahles.

In this =ection 'L' in Lp. db. and Lnnn.n represents the Greek letter
lambdas 'd' in db represents the Greek letter delts. arnd &' in Lya
represents the Greek letter alpha.

VISIELE IMABING PHOTOMETER &

Filter$# Lp.nm gh.- nim Tp B Name Function
3 630, @3 1,84 #.45 g.88 430 [O0XI321 lime
4 557.84 g, 99 @.48 <. a4 SETW [0I332 line
5 39a. 85 2436 @27 3. 31 3FLW N2+ {g=-0) band
& 394,956 1.26 @14 .94 374K Background for L391.4
7 626.57 1.1 @.55 1.88 &24F  Hackground for L&38.0
g &30, 687 1.48 #.40 %78 H3EW EQI3Z21 line
7 a7 .87 @, 29 @26 1.3¢ SOTN £01332 line inarrow dl)
ig S391.38  @.85 @.19 Z,33  3I9IN NI {8-0) {narrow di)
11 &30, G B.26 2.34 . b6 H3E EGIdZi line t(narrow db)

-
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fury
b3

e T . 2& #.32 1,68 SEATH I0I3132 line (narrow dL}

VISIBLE IMAGING PHOTOMETER B

Filter#& Lp.nm db+ rim TP Sp Mame Function
2 &3, 55 .2 31 .31 BN (OI321 line {(narrow dL}
3 as7.82 .23 #.23 2.4 SN {OI132 line {(narrow dL.}
4 391.2 7. 8 .20 4.4% IP1n N2+ (F-3) (narrow di},

cantered on band head

3 6H3B. @g . 286 #.28 1.1% &2 ECI1Zl line (narrow dl}
8 54,463 .83 @39 3. 8% g B HBackground for LSS57.7
9 oa7 .82 g. 85 @.47 4.85 ST {01332 line

ig 290, 849 2. 44 B.36 e B4 3P NZ+{g-) band

11 629,97 1.81  @.44 2. 8 G338 Q1321 line

1z 557.78 @, 9 ¢.47 4. 564 T W FOII32 line

VACUUM-ULTRAVICGLET IMAGING PHOTOMETER C

Filter## Lp.nm di . nm Tp Sp Silyal Nzme Frincipal function

1 108 43 ey | 1,465 156K N2 {LBH} band

2 131 32 #.39 .48 1230 01 lines

3 123 3 &%, 3& J.1& 2.18 123 H Lva lins

4 154 34 #.1i8 1.27 144N N2{LBH} band {narrow
ol

3 153 41 .25 P v v 136l N2{LBH} band

& 135 ig 3.17 i1.71 125N OI lines (narrow dL}

7 izg i 5. 3@ 3. 1568 123K I lineg

B 1z4 1 .13 ¢.84 8. 7T 117N H Lya line {(narrow dl.}

9 154 43 @.17 1,246 130N NzZiLEH) band {narrom
dl)

i 129 14 #.18 1.868 1ZEN QI limes {narvow db)

i1 1243 11 #.14 #.71 b, 7% 119N H Lva line (narrow dbi

12 133 47 i.848 1.3 Toif 1174 H Lya line

LP is wavelength of peak transmission for filter,

dl. is passband FWHM.

Tp is transmission at Lp and +15 vayg C.

Sp is sensitivity at Lp in units of counts/(kilorayleigh-pixal}.

S{Lya} is sensitivity at LI121.& in unifte of counts/{kilorayleigh-pixel;}.

D. PERFORMANCE_GF _THE _INSTRUMENT:
The awroral imaging instrumentation aboard tha spacecraft

Dynamics Explorer 1 continues to {function normally in 198% with no
degradation to electronics, sensors. op electromechanical devices.
Extended sxposure o+ optical elements fo intense energetic charged-
particle radiation in the innep magnatosphers has decreased instrument
sensitivity at vacuum—-ultraviolet (VUV} wavelengths. This effect
was anticipated. Frincipal loss is a large decrease in sensitivity
to Lyman-alpha radiation (121.6& nm} at the short-wavelangth limit of
the phatometer far VUV wavaelengths. The long-term survey of emissions
trom the geocorona etfactively ended by mid 1986. Auraoral imaging
at VUV wavelengths greater than 123 nm continues without difficulties.
but the sensitivities have decreased, particularly at the short-
wavelength limit of the individual Pass bands. LDeveral spacecraft



malfunctions in the nearly eight years of pperations have resulted

in no loss of scientific information from the imaging instrumentation.
A brief return in January 1987 of spacecratt telemetry which includes
the imaging housekeeping data has allowed us to determine that the
instument voltages. currents. and temperatures remain within proper
operating limits. with no indication of instrument degradation.

E. RESOLUTION:

The full width of the fields of view of the phot ometers
corresponding to a single pixel is @.29 degrees. An image frame
consists of all scan lines obtained by mirror steps in one direction
which deflect the field of view by @.25 degrees per rotation. The
angular separation of two consecutive Frizrels in the direction of
spacecraft rotation is about #.23 degrees. A full frame has 1720
Bcan lines or 3¢ degrees of width., For routine Frocessing the
sngular width along & scan line is 150 pixels, or sbout 34.5% degrees
of length. The frame width is cctasionally adiusted to less than
1280 sean lines.

. REFERENCE:

Frank,. L. A., 3. DO. Craven. K. L. Ackerson. M. K. English,
Re H. Eather, and R. L. Carovillano. Global auroral imaging
instrumentation for the [ynamics Explorer mission. Srpace Bci. Inst..
5. 349-393, 1981,

FARAMETERS

Each primary data file contains one image from one photometer,
instrument parameters for that image. and orbit/attitude data for one
central time in the image. FEach image data file contains & header
record giving universal time. instrument parameters. orbital position.
and the number of scan line records: N. to follow. The N scan line
records each provide the UT and mirroe position fo~ the scan line and
a#ll image pixels for that scan. Each scan line record contains
pirels collected by one photometer during one six-second spacecraft
8pin. Each image file contains all scans by one photometer between
changes of mirror stepping directiocn. up to 128 scans or 12 minutes
per file. The same filter will rormally be in use for the entire image.
but for some operations the filter change will not take place at the
first scan line.

DATA_SET _GUALITY:

Data processing anomalies have mostly been corrected during
the archiving procedure to produce a data set of overall high gquality.
Froblems that may yet be encountered include scan lires that are not
aligned correctly with respect to nadir. scan lines that contain an
incorrect mirror position, and header records containing an incorrect
filter wheel position or incorrect orbit/attitude gata. Personal cbservation
indicates that these problems occwr in less than three percent of the
images. FPre-archival screening should reduce the frequency of occurrence
of such problems to less than one percent. Displaying the image
with a simple coordinate overlay such as limb and terminator is usually
adequate for determining the existence of an unusable file. Graphic
- toordinate overlay techniques are described in the software source code
documentation.
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[ATA_FPROCESSING_OVERVIEW:

A, DATA_PROCESSING_CYCLES

Bpacecraft tape recorder data are transmitted to Goddard
Space Flight Center (GBFC) and there edited and time-smoocthed by the
input processing software. SAI instrument parameters and image dala
are then decommutated from the telemetry on the DE Sigma-9 computer
and shipped on magnetic tape to The University of Iowa for image file
production.

A second phase of processing on the Bigma-9 generates
adjustments forr each scvan line to correct for jitter in the spacecratt
nadir reference system. These are copied to magnetic tape with the
corresponding telemetry. and at lowa are merged intc the newly
produced image files.

Orbit/attitude data are generated on the Sigma-% ¢for
specific image times. and are sent to lowa on magnetic tape where
they are merged into the header records of newly produced image files.

Although one photometer will tollect pixnel data for 3868 or 128
degrees of each rotation. depending on the operational mode. routine
production images are reduced to the 30 degree ares of interest
centered on Earth, For special purposes the telemetry files can be
reprocessed to show the full lenagth of the scan lines or to be
centered differently.

H. HISTORY:

Image production at Iowa was originslly done on a Univac 418-113.
That computer was replaced in 1986 by & VAX 11-788. In 1987 a
MicroVAX Il was added. which was later clustered with the VAX 11-78@
and several other computers.

Scan line adjustments and orbit/attitude data were originally
meraed into the image files on the Sigma-7 after the files had been sent
to GEFC on magnetic tape. Since 1983 these adjustments and orbit/
attitude data have beern sent from GSFC to lowa. angd the merges are
done immediately after image production.

LATA_ORGANIZATION:

The logical volumes will progress chronclogicalily beginning with
day b6 of 1981, About 36,000 inage files will reside on each logical
volume. The images files will be grouped in several time-ordered
directories and subdirectories to facilitate rapid data acress.

Each year or part of year of dats will be in a unigque directory named

'Y' followed by the four-digit year number. These directories will be
further subdivided into several subdirectories for ranges of days in

geach year. and named 'I' followed by a concatenation of the first day
nunber and the last day number. Each range-of-days subdirectory will

have three subdirectories named 'A': "K', and 'CY for the three photometer
designations. 1§ a pass (the set of all images from one period

of continuous operation) spans the boundary between two range-of-days
directories. the entire pass will ke included in both directories.

The following diagram illiustrates & sample primary data
directory structure:

FLEAI_a@@in) top level data
! directory

¥
¥
]

-
-
-~



ivi9813 Lvioezl LY19a3] directory for each
H } vear on volume

H

+

s

E3 1

LD266365] (L@@ 1183 LD111279] [LZ71345] [Dee s 1833 directory for each
: } } H H range of days

1 ¥ H 1 ¥ 1] k] r ¥ ) H H H 1 ¥
H ¥ H H ) t ¥ ) H H 3 ¥ ] H ]

[AILRIECT EAJLRILICT IAJLRILCI [AILHILCI LAJLHRIICS directory for
each photomneter

There is a supplementary data file in the top level data directory
that has the complete list of primary data files on this volume.

TYPE_OF_FILE_RELATIONSHIFS:

The auroral imaging data set contains three types of image files:!
(1) standard production cutput image files. as described above. and
designated SAI: (2) specially reconstructed images designated SAIZEA:
and {3} advanced mode images designated 58I38. The modes of operation
which produced type S8I128 and type SAISE images were required for data
acquired in the last hal+ of 19872 during & spacecraft malfunction., For
these operations the '"advanced' nadir reference was wsed. with an offset
of &8 degree=z from the nadir direction. Type SAIZE and type SRIBH files.
which will not appear in every volume. are designed to resemble type SA14NQ
files. and. although they are listed as a separate file type. they may be
used exactly like type SAIZE files for most purposes.  The spacecraft
malfunction "disappeared” in late 1982,

The supplementary file list data file (IDEA3_*JIFILELIST.DAT) has
the complete time and attribute list of the primary data files as given
in the file names and includes a six-character production sequence name
for each file.

Software sowce code shows how to properly aligr the imzge datas
how to convert compressed pixel counts to uncompressed counts. how teo
convert uncompressed counts to luminosities. in kilorayleighs. using
calibration data obtained prior to launch. and how to correlate
gecgraphic and geocentric equatorial inertial {(GEI) coordinates with
individual pixels. Source code is alse included for displaying an image
and plotting the limb of the Earth and the terminator om it.

LCBRX SNMASHZEMARK @E3CCSIXK NMOSHZ SMARK G015
LOG_VOL_TIME _COVERAGE: 1981-@9-23 TO 1982-@5-31

TYPE_OF_FILE_TIME_COVERAGE:
SAIEE 1981-09-Z3T19:02;: 16 19B2-05~31T23:17112

DIRECTORY_NAMING _CONVENTION:

The top level data directory name echoes the last ten characters of
the logical volume identifier. as in CLDEAS @aiAl. The second level data
directories are named 'Y' folliowed by the year of the data they contain. as
in [DEA3 @OPIA.YIFB21. The third level data directories are named 'D' {ol lowec
by two three-digit day-of-year numbers giving the range of days of the data
they contain, as in [DEAJ_@O@1A. Y1982.DEB11161. Each third level data
directory has three fourth level directories named 7Q%, *B*. and 'C' for the
three SAI photometer designations. For sxample, {DEAZ PiA.Y1982.DIE111&.C]
would contain image data files from the C photometsr for the time period of
day 1 through day 11# of the year 1982, If a pass (the set of all images from
ona period of continuous operation! spans the boundary betwesn two range-of-



days directories. the entire pass will be included in both directories.
The top level data directory alsc includes & subdirectory named

[.85C3 which contains software source code and relasted files.

LIRECTORY_TIME_COVERRGE:
[DEAS _@aeiA. Y1981 . 02662081
[DEAS PO iA.Y1981. 02812931
[HEAS _GOR1A.Y1IT981 . LET4386]
[DEAS _@ee1A.YL1981. 3873281
TDEAZ_@ae1A. Y1981, 03213371
[DEAS_@@1R.Y1981. 033830461
CDEAS _O991A. Y1981 . DaGE73651
[DEASZ_GO81A.YI982. DWE18163
LDEAS MIGIA.YI9B2.[WII70343
FDEAS_ GG 1A.Y1982. 350443
[(DEAS_AE01A.YIFR2. a464711
EDEAS_@R@in. Y1982, d79892]
EDEAS_@a@in. Y1982, 0931113
FDEAZ @@ 1A YI9BZ. TN 121293
CDEAS AOOLA.Y198Z. D13@151 1

FILE NAMING_CONVENTION:
The naming convention describes the contents of the image
files. as follows!
yrdayhhmmss pfm
sample file name: 8i1z7ai1ze¢06 CIF

where characters 12 = year

-5 = day of year

4-13 = UT as hhmmss

12 = T

13 = photometer ID {(A. B L)

14 = filter number {1-9:A.H.C)

15 = mirror range (Fifull.Rirestricted.0Olstepping offl.

The file names are extended with the following file types:

5R8108 standard image production outputl with all scan
line records having a8 pixel offset of 188 and
length of 1563 minimal post~production processings

no manipulation of pixel values

.5/128 reconstructed Earth-centered imsges from

=

mode

of cperation requiring use of a nadir reference
direction offset from nadir by &8 degreesi! the
pixel offset is negative and the scan line length
is 15@ pixelsi minimal post-production processings

no manipulation of pixel values

.5AI38 images from a mode of operation reguiring use of
a nadir reference direction nff=et {from nadir by
68 degrees; the pixel offset is a positive value
and varies with the photometer and the selection of
imaging sectort if the photometer is selected in two
of the three possible imaging sectorss the boundary
between the selected sectors may be visible in the
image; scan line length is 138 pixelss minimal post-
proguction processingd no manipulation of pixel values



Each image file alsn has a six—character production sequence name
with the photometer identifier (A, Br or C! as the second character. Whan
image production was transferred from the UNIVAC %18 to the VAX 11-788,
longer file names became possible. and the naming convention described
above was proposed. For the convenience of users who may wish to locate
image files by their original six—character identifiers, the production
sequence name is included in the file ligt data file (FILELIST.DAT) located
in the top data directory on each volume.

FILE_TIME_AND _ATTRIBUTE_LCGOVERAGE:
The user should refer to the file list data file (LDEA3_*IFILELIST.DAT)
for this volume. It is described in the type-of-file information.

PREV_LOG_VOL._TIME_COVERAGE! None.

CCSDXKNMBBRZEMARK #3SCLSDXRNMBRIZSHMARK 336

NEST INfG=
REF=LDEAZ_*IFILEL IST.SFD

CCSDXRNMBBEIIEMARK B@6LCSD X RLMBIZSMARK 307

AD I=NSSD@@27

CLASE=R

NEST ING=N

SCOPE=EACH
REF=EDEAZ_*IFILELIST.DAT

LCSDXRUMBEEIEMARK S37CCSD XRNMIBZEISMARK Bi3E

NEST ING=L
REF={DEAJ_*1SAIDOC.SFD

CCSDXRNMBZEIEMARK 2BECCSD XRLMBIGISMARK e

ADI=NSSDR@28

CLASS=]

NEST ING=N

SCOPE=EACH
REF={DEAJ_+,5SC1%. SAION
REF=[DEAJ_%. Y*.D#. %1« SAID@
REF=C{DEA3_#.Y*.Dk. k1% . SAIZE
REF=[DEAZ_%. Y&, Dk, %1%, SAI3P

CCSDXRLMBEIIEMARK 213FCCED XRNMIZIBEISMARK BZE

MNEST ING=1{,
REF=EDEAZ_%158CDOC. SFD

COSDXRNMBOBIEMARK ZBECCSD XRUMBZEISMARK B{IF

ADI=NSSDPE2T

- CLABS= 3

NEST ING=N
SCOPE=EACH
REF=[DEAJ_%.SS8C1#, FOR



REF=LDEAZ_%.8SCI*. XMP

CCSDXRLMIPOIEMARK BOF CCSDX ZLMBEE 1 EMORK @1

o e
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